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ABSTRACT : The project presents an integrative 
approach to 3D modeling of complex scenes of 
determinate objects. The key characteristics of the 
proposed data model support 3D geometry and topology 
for extended spatial analysis, and facilitate 3D 
visualization. The model supports the four geometric 
abstractions of spatial objects, i.e. point, line, surface and 
body. The representation based on two constructive 
elements (nodes and faces) is sufficient for the derivation 
of a large number of 3D topological relationships. The 
restrictions imposed on faces (connectivity, convexity 
and ordering) as well as the supplementary information 
maintained per object (radiometric parameters and 
behavior) ensures the correct rendering and enables the 
design of realistic (photo textured), dynamic 3D worlds. 
The User interaction with the database residing on the 
Web relies on standard Internet tools — CGI scripting, 
VRML and HTML documents. The description of our 
prototype system for querying, visualizing, and 
communicating with a DMBS is supported by several 
examples. The designed model is successfully linked to 
developed procedures for data collection. Using a digital 
photogrammetric system we can collect semi-
automatically geometric and semantic data, and 
automatically extract texture from aerial photographs as 
necessary for texture mapping of roof facets or texture 
draping over the ground surface. We consider the 
approach a good step forward to an operational urban 3D 
GIS. 
Key Words:  3D modeling, 3D topology, 3D 
visualization, VRML, WWW, Photogrammetric 
data collection. 
INTRODUCTION 
The challenge of handling geo-information of 
urban areas has triggered this project. Prior to 
venturing into 3D GIS, plenty of projects had been 
done on semantic modeling and 2D spatial analysis. 
Much of it improved GIS design, found its way into 
software development, and promoted applications 
that rely on spatial information. Technologically 
driven and argued by application demand 3D GIS 
have recently been put on many R&D agendas. 
Development has already been reported on data 
models supporting 3D topology, extended query 
languages, data structures for fast visualization, 
photo texturing, transferring and viewing 3D 
graphics on Internet, and new communication 
architectures and standards. The literature, 
however, reveals little evidence as yet about 
attempts to integrate the various concepts—under 
current technology—aiming at a more versatile 
system of handing geographically referenced 
spatial information. This project presents a design 
that aims at joining capabilities of GIS and CG. 
Central to the design is a new data model, which 
supports 3D topology (to facilitate 3D spatial 
analysis) and ensures correct, quick 3D 
visualization on the Web. Adhering to an object 
view of space we choose a boundary representation 
for the geometric description of the complex spatial 
entities in urban areas. The next section gives a 
brief description of the conceptual data model for a 
3D GIS, which is followed by outlining the logical 
design. The Graphics User Interface (GUI) of our 
prototype system is demonstrated by a number of 
examples of remote query and visualization of 3D 
spatial and non-spatial information on Web. The 
last section addresses data collection from aerial 
photographs for supplying data for an urban 3D 
model. 
THE CONCEPTUAL MODEL 
Next generation of GIS requires a new way of 
spatial data modeling. Geo space is a continuous 
3D space. It is one of the most important issues in 
GIS to represent geo space and its objects in 3D 
space. The current 3D GIS researches mainly focus 
on the spatial objects above surface. Spatial 
analysis is a set of methods whose results change 
when the locations of the objects being analyzed 
change. Its perspective is to analytical toolset that 
takes into account the spatial frame. 
According to Goodchild (1988), “The true value of 
GIS lies in their ability to analyze spatial data using 
the techniques of spatial analysis. Spatial analysis 
provides the value added products from existing 
datasets”. The core issue of conceptual 3D 
modeling is representing the geometry. The model 
presented by Goodchild, named Simplified Spatial 
Model (SSM), follows the object paradigm and is 
strictly defined using set theory notions. SSM 
distinguishes four geometric objects (point, line, 
surface, body) and two constructive objects (face 
and node). The geometric object can be associated 
with thematic meaning (description of semantics). 
The constructive objects are the smallest elements 
used for building the geometric objects. Thus, 
nodes describe points and lines, and faces describe 
bodies and surfaces. Nodes are connected with 
straight lines. The geometric objects are embedded 
in the space, i.e. a complete subdivision of the 
space is not required. This is to say that a curve can 
be represented by a set of nodes connected with 
straight lines. Similarly, curved surfaces can be 
represented by a set of planar convex faces. Each 
object (constructive or geometric) has a unique 
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identifier, which is used for reference in the 
description. SSM complies with a strict boundary 
representation as the order of the constructive 
objects is recorded. The multi-theme concept is 
adopted, i.e. nodes and faces can participate in the 
construction of many geometric objects. Nodes are 
represented in the space by their 3D co-ordinates. 
Faces can have a polygonal boundary but must be 
convex and planar. Singularities between the 
constructive objects (i.e. node-in-face and face-in-
face) are not permitted. If such a relationship 
occurred, the corresponding face would have to be 
subdivided. This construction rule is imposed in 
order to please the rendering engine (in our case a 
VR browser). The singularities node-in-body and 
face-in-body are permitted in order to maintain the 
relationship inside without subdivision of the 
bodies into unnatural parts. SSM is “simpler” than 
the conceptual 3D models because of omitting arcs 
as constructive objects. This is profitable in the 
construction, visualization and query of urban 3D 
models due to the following considerations: 
- faces can have an arbitrary number of 
nodes, which is frequently required in 
describing urban objects. 
- bodies can be partitions according to 
semantic considerations. 
- restrictions imposed on faces ensure 
correct display by any rendering engine. 
- the only two constructive objects 
maintained speed up traversing of the data 
and reduce the storage space. 
- the scope of topological relations is as 
large as the one offered by 3D FDS and 
the cell model. 
The model explains a lot about the main aspects of 
3D GIS. Some terms to be known are explained 
below: 
A. 3D-FDS (Format Data Structure) the basis 
objects of model are Body, Surface, Line, and 
Point. The geometric elements in model are 
Node, Arc, Edge, and Face. Arc is a straight 
line, Arc and Face does not intersect. Edge, 
Face is two-dimensional. Surface has boundary 
and may have some surfaces not nested inside. 
Arc and Node can exist inside the Face or 
Body. 
 
B.  TEN (Tetrahedral Network) the model 
proposed is based on four basic objects Point, 
Line, Surface, Body. The geometric elements 
in the model include Arc, Node, Triangle and 
Tetrahedron. A Body was created by the 
Tetrahedrons. A Surface is created by Faces; 
Line is created by the Arcs. Node is a 
component of the Arc; the Arc is a component 
of the Triangle. Triangle is a component of 
Tetrahedron, the exceptions are not considered. 
TEN models are not suitable for building 
applications because it creates a large volume 
of unnecessary data. TEN is suitable for 
manipulation and calculation query in the 
geological application. 
C.  OO Model (Object Oriented Model) the 
model can represent and manage the 2D whole 
and 3D tunnel. It can represent and support the 
complex spatial objects by using object-
oriented approach. The model is built on four 
basic objects: 0-Simplex, 1-Simplex, 2-
Simplex, and 3-Simplex. Model uses 3 
geometric elements: Nodes, Arc, and Face. 
Direction of Face should be store. Simplex is a 
basic geometric objects given in its dimension. 
Each dimension has a least element called 
Simplex. 
D.  SSM (Simplified Spatial Model) the model 
focuses on the implementation of the query 
displayed on the 3D web application. The 
author uses only two geometric elements: 
Nodes and Face and four basic objects: Point, 
Line, Surface, Body. Model does not use 1D 
elements Arc. Face is convex and directed. The 
topology relationships are represented 
explicitly. Node can inside in the Face and 
Face can inside Body. Direction of Face is 
stored. The sequence of Nodes created Face 
should store in the relationship. Model built for 
3D GIS applications with Web-based 
technologies. 
 
THE LOGICAL MODEL OR PRACTICAL 
MODEL 
 
As GIS goes beyond simple data visualization, 
geographic data are often related to some semantic 
data. There are mainly two method of data 
modeling: 
• B-Rep  Boundary Representations (also known as 
B-Rep) resemble the naïve representations in which 
the object is described in terms of its surface 
boundaries: vertices, edges and faces. This method 
represents shapes by their limits. B-Rep 
distinguishes the geometry from the topology. 
Geometry describes the exact shape and position of 
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each of the edges, faces and vertices. For example, 
the geometry of a vertex is defined by its position 
in space generally given by its coordinates (x, y, z). 
However, topology describes the relationships 
(connectivity) between faces, edges and vertices. 
B-Rep is used in Computer Aided Design (CAD). 
For example a building can be modeled as a 
collection of surfaces (walls, roofs) which share 
common edges. 
 
B-Rep requires a large disc space for data storage. 
 
• CSG   Constructive Solid Geometry 
(CSG) is a modeling technique of solid objects. 
CSG solids are simple convex objects made out of 
intersecting coplanar faces. A solid can be defined 
as a set of primitives shaped in volumetric 
instances such as cubes, cylinders, cones, spheres, 
etc. CSG models are constructed through three 
Boolean operations: the intersection (Ո), union (U) 
and subtraction (-) of solid objects, some of which 
may be CSG objects themselves. The union of two 
objects results in an object that encloses the space 
occupied by the two given objects. Intersection 
results in an object that encloses the space where 
the two given objects overlap. Difference is an 
order dependent operator; it results in the first 
given object minus the space where the second 
intersected the first. CSG is also used in CAD. 
CSG solid can be made up of a set of primitive 
shapes. For example, a building can be modeled as 




CSG has many advantages: 
 
i) Modeling a building as a set of blocks gives 
information about all building’s components so it is 
semantically more meaningful than B-Rep. 
 
ii)  Modeling using primitives and Boolean operations 
is much more intuitive than specifying B-Rep 
surfaces directly (except for situations where the set 
of primitives is not appropriate for a given object) 
 
iii)  Objects constructed by this technique have perfect 
boundaries whatever the level of detail. 
 
iv)  CSG creates very realistic rendering (ray casting). 
However, CSG don’t gives explicit information 
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There are two complementary representations for 
3D objects: B-Rep and CSG representations. Four 
principal B-Rep geometric objects are used: Point, 
Line, Surface and Solid. A line is defined by two 
end points. Many lines that share an end point 
compose a line string.  In this paper, a line string 
can be a closed line string or an open line string. 
Surface is defined by a closed line string (contour) 
and can be orientable (has two faces: front and 
back) or not (one face is visible). In TEN and 
UDM, a surface has two faces.  But, in this project, 
a surface can be orientable or not, i.e. the surface of 
wall modeled as a full solid is non orientable. A 
surface can be full or empty. The notion of empty 
surface is introduced in this paper to model some 
objects such as openings which can be equivalent 
of the notion of hole in OO-model. Many surfaces 
in the same plan form a composite surface i.e. a 
façade and its doors and windows. A B-Rep solid is 
defined by a set of boundary surfaces. It can be full 
(e.g. wall) or empty (e.g. building body). An empty 
solid is composed of a set of orientable surfaces. 
However, a full solid is composed of a set of non 
orientable surfaces. The interior of an empty solid 
can be modeled. However, the interior of a full 
solid cannot be modeled. CSG primitives can be 
cubes, cylinders, spheres, etc. A cube is obtained 
by the extrusion of a B-Rep surface. A CSG 
composite solid is the union, intersection or 
difference of two solids. The interior of such solids 
is not modeled. 
THE PROPOSAL MODEL 
 
In the proposed model, B-Rep and CSG modeling 
approaches are combined. B-Rep allows 
representing solid as a set of surfaces sharing 
common edges. It gives information about solid 
boundaries (vertices coordinates, contour, etc.). On 
the other hand, CSG allows representing a wall as 
an indivisible solid. It is used when no information 
about the solid boundaries are recommended. The 
motivation of the combination of B-Rep and CSG 
in the same model is: 
 
i) B-Rep defines very well the 
exterior boundaries of the 
building trough surfaces sharing 
common edges. So that geometric 
transformations (translation, 
rotation, etc.) of CSG solids are 
not necessary because the B-Rep 
surfaces extruded are well placed 
and directed in the space. 
 
ii)  Obtaining CSG solids by 
extrusion is more intuitive than 
the construction of all boundary 
surfaces of a solid. 
 
iii)  More details on building means 
more surfaces to represent. Solid-
based representation allows 
representing such detail with the 
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Topological conceptual model is based on three 
Boolean operations: Union, Difference and 
Intersection of geometric objects. Such operations 
are applicable on the four geometric objects 
mentioned in the geometric model. All the three 
Boolean operations are explained below: 
 
1. Difference: In this model, like the union 
operation, difference operation can be 
carried out only between similar objects. 
For example, to obtain an opening in a 
wall, there are two cases: 
 
1) If the wall is a surface, the difference is 
calculated between two surfaces 
(corresponding respectively to the wall 
and the opening). 
 
2) If the wall is a solid, the difference is 
calculated between two solids 
(corresponding respectively to the wall 
and the opening). Difference operation is 
used also to add some details on walls 
(e.g. intrusion, extrusion, etc.). 
 
2. Union: In this model, the concepts of 
multi-solid, multi-surface, multiline and 
multipoint are used. Union operations can 
be achieved only between similar objects. 
The union of two or many geometric 
forms generates a group of objects that can 
share or not common parts. 
 
3. Intersection: Detecting intersection 
between city objects is very important. It 
shows their common parts. The 
relationships between two buildings can 
be:  
 
 Physic relationship: buildings can share 
common parts (generally intersection) or 
being geographically adjacent. 
 
Semantic relationships: sharing the same 
properties (e.g. located in the same 







VISUALISATION ON THE WEB 
 
Testing the suitability of SSS for visualization and 
interaction can most convincingly be done by 
having built a prototype. The developed system is 
server-oriented, i.e. using CGI scripting and VRML 
and HTML documents created on the fly. The 
VRML documents serve a twofold goal: 
  
1) Delivers the 3D graphics information 
obtained as a result of spatial query or/and 
 
 2) Provides means to query graphically the 
objects observed in the 3D scene. Web and VR 
browsers on the client stations are utilized to 
interact with the 3D model(s) and specify 
queries. The data structured according to SSS 
are maintained in a RDBMS on the server. 
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In this project we presented an approach for 
integrated modeling for 3D GIS, aiming at 3D 
model which supports 3D topology and is coupled 
with a user interface for querying and 3D 
visualization on the Web. By linking the model 
design to procedures for data collection we 
completed the chain of the 3D modeling process.  
In a 3D GIS, 3D model must reflect the reality as 
much as possible. Therefore, some facade and roof 
details can bring more of realism in the 3D model. 
Certainly, textures and photos draped to city 
objects give a nice view and approach the reality. 
But, photos and textures are 2D plans. They are 
used just for the visualization of 3D objects. The 
real 3D consists in the reconstruction of city objects 
with the maximum of details. With this intention, 
this work aims to carry out an application with two 
main objectives: 
 
1) 3D city objects are detailed as much as 
possible. 
 
2) The minimum of data are stored in the 
database. 
 
We expect benefit from 3D GIS modeling, because 
of: 
 
 possibilities to query graphically objects in 
a virtual environment. 
 visualization of 3D spatial queries in a 
virtual environment. 
 virtual reality navigation and exploration 
of 3D worlds. 
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 possibilities to visualize outcomes of 
queries in different file formats. 
 access to the information from any office 
via the Internet. 
 provision of moderate means to edit data 
over the Web and visualize the changes. 
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